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(54) INTAKE AIR FLOW ESTIMATE DEVICE FOR INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To estimate the intake air flow introduced 
in a combustion chamber through an intake passage precisely 
regardless of an engine operation state. 

SOLUTION: The calculation device 30 of an internal combustion engine 
10 estimates the temperature after the prescribed term from the present 
point of time of the intake air staying on the down streamside part 28 
than the throttle valve 24 of the intake passage 20 based on the fluid 
model regarding the intake air in an intake passage 20 and the 
temperature information at the present point of time of the intake air. 
The calculation device 30 estimates the intake air flow introduced In the 
combustion chamber 29 from the downstream part 28 after the 
prescribed term from the present point of time while reflecting the 
estimation result. 
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Sm t<&*d?) ^(D-fj-mc t ^ r Bi -r S „ 
[0 04 6] S-r. iT7D-^-^f4 1 ©*^^aft^{C 

iiTgJH§-r?>„ xT-:'P-^-$4 1 tt. 

(c. ^^4 1 2<Dmm^m.}^'S(,f}m^ti>mcmm^m 

4 1 23!>i6«^3ii^^S*3?RA2g^(ctSDr^<l:-rs 
-^"^?4 l©*^tliff^<hffit\?g«Sd:©55^«^j?)|| 



l©^^ffiff^iC©M^V.>7-iJC»-5(,iTSL\S 
[0 04 7] Vi:f>Vf£ifih. _hia*^5X®4 1 4«. 

i^4 1 2 t]m.h-c—mcimmifi-x^i.^fc^. ^©s 

STqs5**^HJSP4 1 0©i5^*3ljia^-5®A^©»© 

30 i5:-rsfe©©> isi®A^s*5^^b-r-s®igaKB#jc& 

[0 048] ^ Cr, *ilM?]5^-C», C -5 Ltcij'^y X 

g4 1 4©ss^'fbfc-QLir©jc&gjin*^d?)S.iSLr 
©KA^ma^XP h;b^a3lfimtiL/. XT7P 

40 ffensesAS^^-^ y^mwmGA t trEsij-r 

[0 04 9] $-r. ^^1^4 1 2©aS?: TThtJ if-S) 
i (02#M) . IS»iia4 1 2ifthif^:x.m4 1 4{cea 

^n^^.ai. mm A 1 4*i6«RA^{c{E3isn-sf» 

ai©|<ji3-&t,iA>6. :^/^Xll4 1 4©aSTQS©^'fb 
fid (Tqs)/dt». Ji{T©K ( 1 8 ) ©<fc e> tC«^ 

[0 05 0] 
[^12] 



C7) 



01 
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•(18) 



CCr. TAJ. TBJ. rcj . TDjtt. ?^i|84 1 
i^^4 1 2 iOP^tD^eaiS. ;</5X)14 1 4 iCRA 

So 

[0 0 5 1 ] $/c. ^^aiEBf^Ctt, ;^*^;^)i4 1 4 
^^4 1 2SO'eRA^»i©^©f^<DSS*sSi< 

(19). (20) tC^T J: ^ (C, ^ ( 1 10 
8) ©^2, m%^'y:^mA 1 4©a®^{bad (Tq 
s) /d tW ro J iCifeiJ. ifc, v-i-7"j||SLfflGAi 

[0 05 2] 
[t!(13] 

0 = B ■ (r*, - T-g,) - (c + £> • VJ;^) • {th, -Tka) •• <m 

GA = m, —(20) 

fitoT, ±f2#ie ( 1 9) . (2 0) 7tPe)i>C©SC; (2 
1 ) tmhtxi,, 20 
[0 05 3] 
[^14] 



••<21) 



Wc^ c©S; (2 

iJ'yXmA 1 
2) ;i5f#6nS, 
[0 054] 
[^15] 
d^lGA (B + C 



1 ) ^fflt^T^ (18) ^m^-r^ 



30 



* 



C cos: (2 2) itt!(S|ii^ TAtJ i 

■rsi^^:^ (2 3) o<t-5{caTc:i*srir-5, 

[0 0 5 5 ] 

[1^16] 

djGA _ ^iGAi/i - VG^(/ - 1) 
rf/ ~ A/ '"^ •' 

±iB#3C (22). (23) Ji^eWTOittJlK 
(2 4) ifimnm^inho i^. cose (2 4) iC^\.> 

r, raj, Fjsj »±ge^l^A~D(cj:-?r^s-s^ 
»-c* >o. JiSffiF^© r j J it^Mm. r j - 1 J 

[0 056] 

mi 7] 



U) + 



■(24) 



CCDS; (2 4) iPh^Mh-h^-fi^^ic. 31B$*-C©Xa 
CD i . Siti^PiA tmo>-?v y''<MW-mGA Ci-l) i tea 

-Jti-rjft^r s c i*ST?tr -5, 

[00 5 7] ^^{C. h Ji-eaigTAifomMaKt^ 

M(C»-2((,i-C;^Pi' F-;U^3ljtfimt?r*Jti.2>^©^/il 
(cot>TgilB-rSo xa-/ hJi/^2 4©l3PSI5^^-a 

f*©a (;2^p-;' h-'U^jKlimt) », il»]©J:^K:;X 
©#^(2 5). (2 6) K:J:or«gn-2>, 

[0 058] 

[IS1 8] 



"(25) 




CCt?. T/uJ IJafy^^y^ (;:^P2. h>>l'#2 4©g§P 
gB^) ©ijfeai^lgc. rpaj «:;«cSU£ (-Jtiii) "C* 
$/c. FAtJ 5*. h >iU# 2 4 ©ggnffiS-C 

cn«;^P h;b^STA*^e>— lie<)ic*at)Sc: 

[0 0 5 9 ] CCf, ;?.P ~j Y )h^m.T Aifi—%t,C^n 

^tii>m-^'mkn^mm.tri>i^. (25) »^xsc (2 

7) ©J;^tc/j:S, 50 



[0060] 
[H^l 9] 

".TA -M -A,- ■ 0(P„rA. Pa) ■ • "(27) 

CC-C. TrntTAJ . rPmTAJ tt. ^^aigB#tCfcWS 
;^P--' h;l'#ji»Smt TijfEffli|!RSlffiPm*^n^g'n^ 
urc^S. cnp>^:s:aiK^{c*5ttsxp h;i/^jijg 
Sm tTARiy^TSSffliJeRmBE P mTAt* . ±^f|ijgi5^ 2 7 6 



(8) 
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13 



14 



[2 9 tv(onmt,c^i,-f^mA^(Dmti(^mmi 

X P h Jl'#jijtfim tTA^ti ttTiJ^iiJii^jE P mTAi > 

#*^a3 0 CD^ * U 3 2 tCM^v y-t LXSmStlX 

[0 06 1 ] C©^ (2 7) ^rfflU-Si^ Si (25) « 10 

(2 8) ©J:5{ca-rc:<b7&s-C*.5. 
[0 0 6 2] 
[^2 0] 



-(28) 



A<!:jiirt«RA^«amci*5#0< ^cD (mtTA=mc) . 
* fc > TitffliJeK^ST mi ±«EffliJ®MS T hai i}^ L < 
rji^fcii) ( Tm= Tha) . ±12^ (14) ( 2 20 

[0 0 6 3] 
[i!t2 1 ] 



UTA - 



'ha 



•(29) 



^Ur. CCDS (2 9) ^fflt^^i. ±IBS; (2 8) W 

M(c;>:s ( 3 0 ) ©J; ^ tcR-r c i^s-ctr -s. 

[0 0 6 4] 
[t!j2 2] 

™,=^-(.....-.).^^ -.30, 



30 



CCDS (3 0) A^-^H^e.A^'Si^tC, Xn2;hJl/#a® 
amt«> 3gB^,=^.r©±ijiEf,IJgKaST haRiy^'TSfeffliJlRM 

<!:*©TSSWmaEPm©fiiPinTA (TA. NE. VT) 

[006 5] imsmmcxikt.. c © ^ ^ (c#sijcD:;^ffifc 

fcSS ( 1 4 ) ~ ( 1 7 ) <!:CcS-:Jt,>rill^.';^,3!»e,^S 40 

^xn hJU^iiilfifi^Mmti, xT7P-y-5?4 
l©*^tiifi#tca-:Jt,i-C*2st)6n-2>;^P-:» h-'L-^ffiMfi 
mx.^XX2'j hJl'^ajiSSiJSfflmt2iLTES'J^S, 

[006 6] ij):fc. *jfefe?K,^©$iatci s^i'jtea© 

l¥«BfCot,iTH3SO'EI4^#f-tf#ML/r|jiBj-r-S, 13 

3 4 MirteRAig^m c^^aij-r -Sl^©^!© 
©— f!i^;T^-r7P-?-»'- hr^fe-s. c©— a©5aa so 



r 8 msec. J «) -C^tTSn-S, 

[0 0 6 7] c©«ia{cfigL-c«> $-r, ®A^ma* 

0) . c©?'a'jS5ratfwd«. mm<}mPtmmT(DmAm 
Its. t5is-rn«jS?**sf"««*^iBitcf£;or^S3tisfe© 
e^oT^ cc-cti. ilB$,"S>6S5riii©jt^fsfigst 

3n€>cii^j:^, m^^. c<Dm¥tm.mnmt.. c© 
^?ia i w«iJ©M^i«*f KT^s^aa^^a or »m $ 

©r^fe?.. $/c, c©Mi4p«*ffc^^^!iffit:'«. :^mm 

*ffl D-C»[±i $ n^>fi:ff©tgil^®iAS«am dcS-^l,^ 

[0068] ^JiCfC, ^^j^,*i6^S'J»9P5tfV>df^©TSEffl!l 

KMJEPm. T^ffliJeR^STm. :RO*^n6©l:bPm/Tm 

*^Ba§fi;^a h;u^a®MJf6^fflmti{cS-r5t^T^Ui3 
(;^?-2':^20 0) o 1^. WT-Ctt. ;^p-;;h;l/^ 

©TvJicfflim^Pm, T?^^ffliJgRMSTm. RO'-?-tl6©l:b 
Pm/Tm^r-etl-eti. rPmltfwdJ . rTmltfwdJ . 
rPmltfwd/TimtfwdJ */c. -€-©»tHi^4i-C©T 
^M^MffiPtn. TSSSffl'J«R^?aTm. JtO'-etliE)©i:bPm 
/Trn^r, rpmi(i)j ^ rTml(i)J , fPrnX/Tmi 

CD J i^ti-en^iBT^s. 

[0 069] C©TSSfflim^Praltfwd5^J>'TSSWM» 

jaTmltfwd©»m(C^LrW. ±fB&S; ( 1 5) - { 1 
7) Sy^S (3 0) {ca-^<j||»;fcBlT^|H|^/cl^^«3ig 

[0 0 7 0]BP^. B4{c^-rj:^«:, ^t*, C©A5a 

©^illHl^^at- ;^ > i {Vmm : r 0 J ) *5 
>i'U-^>h3n (;^T-->'r'*2 0 2) . 'X^^^MMf^tf 

•;':7'2 0 4) , CCT*. ±iBBlfS^Atl^i, 

iy<Dm)hmmtmi,< m^^t rsmsec.j ) sssn 
Tt^s. -eur« -^a'jRsratfwdd^coBiT^BtraAtiWJi 

r&Si^miif^nfcit^ (X7^-;»7-2 0 4 : YES) . 

iia^s (15). (16) (DUfmrnA t jo^ifjeNFra 

Atli^L<^^$n-5> (;^7- ■>7*2 0 6 ) . 
[007 1 ] ^Xtc. S ( 3 0 ) }ca-:5t,iTXP .7 h;l/^ 

a5as«stfmtic-i)*3»tH3n. ie6c-€-©fa. ss 

( 1 5 ) .~ ( 1 7 ) icS-^l^T. TjjfEffliM^EPml 
(i)> TSSffliMmiaTmlCD. S.O*-ene>©i;bPmlCi)/' 
TmlCi)3&i^n-en#Hi3tl-5 (X7-^;7"2 08) „ 

ur. ^a©^iij»iratfvwi*36^5£^ifflAtiAJM^3 
n. ^©j^ffffi (tfwd-Ati) i)mfc.t£^mmxfwQt 

L/rS^3tl-5) (X7--;7 7"2 10). 

[0 07 2] 'Aic^ cay^fcti^wmtSixfwUfi r 0 J lil 
Tr*S*iS*^*5f(J^$^T, {X7-v^2 1 2) . ra^f'J 
XgP^tfwd*5 roj <J;0St^i*IJW3n/ciS^ C^t--:;:?- 
2 12: NO) (CIJ, 7..7-vy'2 Q 2 );X^<DmS.tim^ 



(9) 



15 



7'2 04 : NO) « M^mmAtifi^^mmtfmiimL 
<SS$*a-C (;^7-->7*2 0 7) . ;^?--;.y2 0 8Jyi^ 

[0 0 7 3 ] -eor. :^7- y:f2 0 2—2 I 2 (Diamifi 

mK>M^ti^ci:(^j:K>. ^mmrstfwdifyi roj otjc 

tj:^t (Xf'yy2 1 2 : YES) > T§£ffl'J®«,EPml 
Ci)> TSSffliJ^RMSTmKi). S.O*J:b-enP)©Pml/Tml 

^a'J»!ratfwdfS©TMJ®«EEPmltfwd. TSS 10 
ffl'M^STtnltfwd. RO'tbPmltfwd/Tmltfwdi LT-e 

n-enKS$n-5 ixf yy2 14), 

[0 074] ^^tf . :$:;b-5^>©f(Ij2.J§|Rli7!)S F Smse 

C.J -e*«3, %(o:^7-yv'\ 0 0©*?is*aDr?sijtg 

Fsltfwct&i raOmsec.J {c^S^nfcli^. git5:F^|iiA 
t »±iaxf- y 7*2 0 4 , 2 0 6. 2 07 ©^2:3?:® D 
T. rSmsec.J — » TSmsecJ -» TSmsecJ Temse 
C.J il»ofc.^«|-C)li{C^:£§n. ;^7^-;'7*2 0 2~X 
T^'f 7*2 1 2i!-C(D5aS*3 r4I5]J ^Oii^nS C i i 

^cSo ^L-r. Ar'i7>5?fii i 7&S r4 J -t?&-5it(DT8fe 20 
lUMMBEPna <4) . TSfeWMmSTml (4) . SU^-e 
n^OttPml/Tml (4) A^. iIBt*>6^iiJWiatfVwl 
f*©T?^SffliJ®mHPmltfwd TiJiEffliJCR^aTmltfwd 
O'ikPmltfwd/TmltfVvdi {yX^tl'^tiWCm^tl^C t 

[0 07 5] -^-CDf*. :<7'i' >^?{il i 7&5 r 0 J U i2 y h 
i ^bfc. gtSferaWA t *sj::ieB;f^B$pe^Atli^ 
KiSSSSn/cfa (;^7=--:;7*2 l 6) , *{iffi«@3iCS^ 

•r:^f- 7'3 0 0 tcMsn-s. 

[0 0 7 6] X-r--;':7*3 0 Or». xT7P-^-:j!4 30 

(1) («T, TGACOJ <t«IB-r-5) 3&s#a?tlS. 

fC. C©^Bt.c&-C<D-7-:,7-j||g[<BGA(O)iBU0O^ 
-C 5 > i^'tCfel^TSCtH^ yMSCffiG A CT-l) 

(«T. TGAC-DJ i«i2^.2)) <t(c»-:J#. ^feCDS; 

(24) ^m^^xmm!Ux<o:^ nvv )v^m.TBmmm.m 

mt2(0)*i©ffl5tl-2> (^-r •:'7*4 0 0 ) , 
[007 7]^ 0T> C©;^P f-Jl'^jljgSfJJSffim 
tiCOfca^^. :5fe©S^ ( 1 5 ) - ( 1 7 ) ^rfflC^T 
aitJ^raPgA t^©T«5ffliM^PinCi). TSSEWmmST 40 
md). SD''^n?.©l:bPin/Ttn(i)A5^n-?'nS[W5n 
{Xf-yVb 0 0). i^a. C®;^7--;;7*5 0 0{C*5l^ 

Ci)> RO'^neotbPm/'TtnCi)©^:^. ^lalOfSii^f 

-f 5>i^-cSLtu$n€.ffl*-€-n-en rpm2ci)j , rrm 

2C1)J . rPm2/Tm2Cl)J t. BUH^SlJiid? 5 >^ 

•rgcusnfcffl^-eti-en rpm2(o)j . rTm2co)j , 

rPm2/Tin2C0)J iSief-So 

[0 0 7 8] yctC. feiT©§S; (31). (32). 

(3 3) (ca-:5(,i-r3HB#..^>e>?SJj»3F^tfwclft©T8£ffliJ 50 
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©mEEPmtfwd. TiJSffliM^iSTmtfwd. RZ^^tlhCDlt 
Pmtfwcl/Tmtfwd*s#tii$n-5<!:i^>tC. ±iaS; (1 

4) *i6#6n^^ (3 4) icm-rsi.^x'^mmrstfwsm 

{C*5Waigirt®Agg^mctfWd*5»a$nS (Xf-ry 
7*6 0 0 ) . 

[007 9] 

[1^2 3] 

Pmffioa = PmUJ^d - PmltO) + PmiW '"(SI) 



'mtjwd 







(0) 



(0) 



•(32) 



^mtfwd p 



•(33) 



p 

' mtfwd 



=-p^ To{a P,n,f.d -*) ••■(34) 



©fllii3? S > i^K:*3W^,?|imi!iS©W»!fii*s^4a-en 

ss^ns (y^7^^»7"7 0 0) . 
[oo8o]S5«. \^^cmm.o:>w&mk^7vct 

r^Mjlf^*5g3jg3n -Sit fete. *;i'-5^>*5pgj[A$ 
n^€>©i-r-5. 

[0 08 1 ] |5]0(c^-rJ:^(c. 2[5]SUP^©filiA^?^' 
5 > ( B#SiJ t 2 , t 3 ) (cfcW ^?7]figfil. gp-^TSSfiJ 
(R^IIPml(O). Pm2(0). '^'<MM%S^'Yxg).<Si). Tni2 
CO). cn6©i:bPinX/Tml(0). Piii2/Tm2C0). MJ^ 
(cv -3 7'-<||fffflG A (-!)«, mri5I©tJii3if 5 > i^tcti 

t^rgtUSPSA tfl©ffl (Pml ( 1 ) ^) 

■C©ffl(GACO)) L\^-cn^^ir\.tcm.^m>x^ix^ 

[0 0 8 2] 



[S![24] 



Pml <0) «- P™l (1) 
7'm2 <0) ^ 7'm2 (« 



(O) 



(I) 



7'm2 



(0) 



7'«2 
G/4{D) 



(I) 



— mM<Dmh^^x:^^ (B$^Jt 1 ) Jcfct^^l!7]»i 
fii{cot,ir«. Bulel©f[l3i:5?-f 5>i'*-c©mtHfii*5i^a 

[008 3] 
[1^2 5] 



(10) 



17 

Fn,l (0) ^ Fa 
Pm2 CO) ^ Fa 



(0) 



'ha 



GAi-\) <- 0 



ccDJ:^K:t/Ti>cli©fiIjiif-/ 5>i/K:*jwsst!OTHii lo 

[0 084] ii^iijiBj Lfc^ ^ fc, *^sm^rtt. T 

MJgp^ 2 8 ©CRA^MCC M-r ^ l^i +'«#mMO' 
^: r'-il/ <h , ;^ CI h m tS ?>*±SKiBiJ®m?a T h 

-i(i^r3SB#,.s> h^Bimm timS(S.<DrmiimmE p mtfw 

dRO*T8EffliM^iaTmtfmPS:«l5£U, mc^in^ltC&rS 
I iiB# «=. ^i'JWr^ tfwctftCDigfrt BSA^mSm ctfiv 
cP&Wij-r?)J;^tc:L/rii^, 20 
[0085] (1) Se-:>r. TMM^Tin*S3Bi^.^, 

[0 0 8 6] (2) tfc. C^Ltcm.?s^n<Di^W'f:7' 

m&UmmZ^m:r.^-.)ldr-i^m'l^^<D^ (12). 
(1 3) tCS^$n4^5:fel8ttJj^{Cj;o-ca3gO> Cti 

6iSit5(^ (12). (13) icm-^< mn^m^MWLm 30 

tfwcl^©TMJ®^)E P tntfwdS^CTFMJeRSiS T tntfwd 

mSmctfWdCD^aiJJCi£:vg^cTij£{BJfK^JEPmtfwdRC>*T 
jiSflfJtRMSTmtfwd?rtbl5e<]ffi#^jTJl/3 y XAtcS":? 
Ci-c «I^T S c i *s-r # 5 J: 5 (c s , 
[0 08 7] ( 3 ) MtC> ±iBg!liI«n;il^§fS©f fliiil 

Wr^fT-r-s^tc, i):ioi©sijiA^? ^ 5 >yrfflu6n^ 

^^,^,-C©Tdiiffl«»ffi P mCO)R DnFi>gffiiJ®ima T m CO) 
*4-@©Silji4f-r 5>4/'K:*jL»r^tH-r.5J;5(cLri> 40 

Sfc&©-fe>-y-^*ffit,i-r<!:€>. cn^Tiifeffl'JSR^P 
m(0)RCXTMJii^Tin(0)'S:±iB«l3g*S;a'&jl CTS 

{b*S 2> c i 75s-c# 4 cfc ^> Aj: ^ . 
[0 08 8 ] ( 4 ) !^{C. ^lfi5FcS-C©T?jfeffliJiRMSTm 
(0)«r«IS-rS C <!:«: J; «3 . — ASlCIc;gf4©filitaffl® 

^Hi^iitctaH-rS^a'MS©{6T?:|5|jg-rsc iJijsr 
#SJ:^(c>:c^o 50 
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[0 08 9] ttc. :^mmnmx'it. t^u -j h;u^3iji 

amtiUr. ;^a-:, hJUPflgTA^©^Mjl$RR^*^ 
6«ISSn5;^P -;' h^l'^jMfiJfeeffimtii. XT:? 
p - y - ^ 4 1 ©«l{±i«-^{c«-:JCiT#tH 5 n-5 X a 
h Jl/^ajaWJ^fiim t2 <»: ^:^n^n*at)€)<t ^ iC L 

[0090] ccr, cn^xn hji'^iiiasjt^fit 

mtlROf;^ XI vY ;l'#ajiafJi^ffimt2 ^ffll^T^* 
P>nSTi^fiiJ®mffiPml(1). Pm2(0), Pm2Cl)SCrF 
SiEirotRMSTimCi). Tm2C0). Tm2Cl)». ||^©GRm 

[0 09 1 ] Bn-^« h>'l/^ai3lS«ISffimtl?rffl 
C*r*Ji)6nSTSfe{i!l«^IIPtnl(i). T^fiiMmfiTm 
l(i), RJ>'-en^©i;bPml/Tml(i)JCMU-CB, # 
(C. ^©B#PBlS«]^ib3t>5cRMJI-^®aa©ill^©B#rBlS<J^ 
fb^rJESSOCSHfe-r-SMl^^^^-So XP-;-h;l'^jl 
jSfiaiJ^ffimt2 *ffll>r**6n.STSfeffliJa^lIPni2 
CO), Pm2Cl), T?tffl<J®^STm2C0). Tm2Cl). Sf>*^ 
ne>©l:bPm2/Tm2C0). Pm2/Ttn2Cl)JcP L-C«. ^ 

[0 09 2 ] cmc^. $fe©-&^ (3 1) - (3 3) ^ 

fflc ^ xmmmrji^mmm rfyn<m<DT'mm^s. p mtfvvd 

RtrFgKMiR»STmtfwd?:SEai-r.5 C iiC J; 0 . iSffi 

{b^iE?ttc-e©fftli«:S!5(53-&?) C i^s-et i 

[0 09 3] 
[1^2 6] 

PmtlJWd 
^mtl fwd 



[0094] 
[|S2 7] 



'«1 



'mtfttd 
^mtfivd 



^m2 



(0) 



i JJc •& C i *^ 6 . TiTuffliJPRMlE P mtfwdRy^TijiEfWS^ 
STmtfwct&S;^ p h .'l'^ii3lfiS'JSfiimt2 ©^^('ica^ 

[0095] ib) U-oX. *J|]!feff$gStC J:tl(3f, 

wd^OTdSEffl'JKMII P intfwclRcrFSSEffllJeRSiST mtfwd^ 

ctfwd?: J: 0 JEM ic^fjj-r -5 C t *i-C # -S J: ^ -5 . 
[009 6] (6) MiC, *||»^-rW. 



CU) #5920 0 1 -4 1 09 5 

IS 20 

-e©M*7=^;i'K:K-:5t^T±ia:^n-:> hju^iiiifi i2,mm m^it rsmsec.j m) x-mn^tiio m 

S'JSfiimt2€:*«>-5J:5{CUr(,»€)}t*> l^@4 1 4 07 tCS^-T:^?^^ 1 0 OScX>^f^-^ 7*2 0 Or». 5fe 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the inhalation air content prediction equipment of the internal combustion engine which adjusts the amount of the 
inhalation air introduced into a combustion chamber by the throttle valve of an inhalation-of-air path To the inhalation air in said 
inhalation-of-air path The related fluid model The temperature information on this time of this inhalation air The amount of the 
inhalation air introduced into said combustion chamber from said downstream part in a predetermined period from this time, 
presuming the temperature after a predetermined period from this time of the inhalation air which is alike, is based and exists in the 
part of the downstream rather than said throttle valve of said inhalation-of-air path, and reflecting this presumed result Inhalation air 
content prediction equipment of the internal combustion engine characterized by having a prediction means to predict. 
[Claim 2] In the inhalation air content prediction equipment of an internal combustion engine according to claim 1 said prediction 
means The fluid model built by the heat energy conservation law list about the inhalation air of said downstream part based on the 
conservation of mass. Based on the pressure and temperature in this time of inhalation air of said downstream part, the pressure and 
temperature after a predetermined period are presumed from this time of the inhalation air of said downstream part in the amount in 
this time and temperature of the inhalation air which flows into said downstream part, and a list. Inhalation air content prediction 
equipment of the internal combustion engine characterized by being what predicts said inhalation air content based on the this pressure 
presumed and temperature. 

[Claim 3] In the inhalation air content prediction equipment of an internal combustion engine according to claim 2 said prediction 
means mt (0) and temperature for the amount in this time of the inhalation air which flows into said downstream part Tha, Pm (0) and 
temperature for the pressure in this time of the inhalation air of said downstream part Tm (0), When the ratio of specific beat of mc (i) 
and air is set to kappa and the volume of R and said downstream part is set [ the amount of the inhalation air introduced into a 
combustion chamber from said downstream part ] to V for a gas constant, Tlie pressure Pm (i) of the inhalation air of the discrete 
formula (I) obtained from said each conservation law, (2) and said inhalation air content mc (i), and said downstream part, and 
relational expression with temperature Tm (i) (3) 
[Equation I] 

^« (0 = P^ii - I) + ^t 'K 'y {m^{i - 1) . Tf,^ - m^ii - I) . T^a ^ i)>"(l) 

P P R 

= ^0- 0+ Ar .-r'(ffl,{/-l)-/M^a-l)) •••(2) 

m^iO = f{F^ (I), r„ (/)) • • -(3) 

Inhalation air content prediction equipment of the internal combustion engine characterized by being what presumes the pressure Pm 
(n) and temperature Tm (n) afrer the predetermined period tfwd from this time of the inhalation air of said downstream part by 
performing processing only whose count n of predetermined it is alike and repeats the based operation. 

[Claim 4] In the inhalation air content prediction equipment of an internal combustion engine according to claim 3 said prediction 
means Perform said a series of repetitive operation for every predetermined interrupt period, and it sets to this interrupt timing. 
Inhalation air content prediction equipment of the internal combustion engine characterized by being what computes either [ at least ] 
the pressure Pm in this time of the inhalation air of said downstream part used for the repetitive operation in next interrupt timing (0)j 
or the temperature Tm (0). 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the inhalation air content prediction equipment of the internal combustion engine 

which predicts the amount of the inhalation air introduced into an engine combustion chamber. 

[0002] 

[Description of the Prior Art] In case the amount (inhalation air content) of the air introduced into an internal combustion engine's 
combustion chamber through an inhalation-of-air path determines the controlled variable of intemal combustion engines, such as fiiel- 
injection control and ignition timing control, as what reflects engine operational status most with an engine rotational frequency, it is 
used, and this is usually called for based on the detecting signal from an air flow meter or an intake-pressure sensor prepared in the 
inhalation-of-air path. 

[0003] By the way, it faces computing an internal combustion engine's controlled variable based on an inhalation air content, and if the 
inhalation air content in this time called for from detecting signals, such as an air flow meter, is used as it is, and it is at the time of 
transient operation, this controlled variable will come to be determined based on a different inhalation air content from the time of the 
controlled variable actually being reflected in engine control. Thus, if the inhalation air content used for the decision of a controlled 
variable differs from the inhalation air content in case the controlled variable is reflected in engine control, control adapted to actual 
engine operational status cannot be performed, but even if it raises the control precision, a limitation will come to be generated 
naturally, 

[0004] Then, the inhalation air content after a predetermined period is predicted from this time, and the equipment which determined 
the controlled variable based on the forecast is conventionally proposed so that it may be indicated by JP,2-42160,A. By performing 
such prediction, the inhalation air content at the time of a controlled variable being reflected in engine control can be foreseen 
beforehand, diis controlled variable can be determined now, and improvement in control precision comes to be achieved. 
[0005] Moreover, an inhalation air content changes also with an engine rotational frequency, or intake-air temperatures besides the 
opening of a throttle valve. For exanple, since the consistency of inhalation air becomes large so that an intake-air temperature 
becomes low, an inhalation air content ^so comes to increase. Therefore, in case an inhalation air content is predicted as mentioned 
above, it becomes important when obtaining a prediction result accurate [ also taking into consideration the effect of such an intake-air 
temperature ]. 

[0006] He detects the intake-air temperature in the location of the upstream, and is trying to make that intake-air temperature (for this 
to be hereafter, called "upstream intake-air temperature", when it is necessary to distinguish especially from the intake-air temperature 
in other locations of an inhalation-of-air path) reflect in prediction of an inhalation air content rather than the throttle valve of an 
inhalation-of-air path with this point and the above-mentioned equipment. 
[0007] 

[Problem(s) to be Solved by the Invention] However, although the above-mentioned conventional equipment is making the intake-air 
temperature reflect in prediction of an inhalation air content, it cannot but perform the prediction to tfie last by making for location- 
change and its time change of an intake-air temperature not to arise during a prediction period in an inhalation-of-air path into a 
prerequisite. 

[0008] If surely it was at the time of steady operation by which the opening of a throttle valve is held uniformly, since it was in the 
range which most location - change of the intake-air temperature in such an inhalation-of-air path does not have, and can also 
disregard change of a time intake-air temperature, though the inhalation air content was predicted under the above-mentioned 
prerequisite (i.e., ****** [ only based on the upstream intake-air temperature mentioned above, it predicts an inhalation air content ]), 
gross errors do not arise in the prediction result 

[0009] However, if it is when the opening of a throttle valve changes rapidly at the time of transient operation, intake-air temperatures 
come to differ according to the location in an inhalation-of-air path, and the time change cannot be disregarded greatly, either. 
Therefore, the above-mentioned prerequisite does not meet the actual temperature condition of the inhalation air in such an inhalation- 
of-air path. 

[0010] For example, when the amount of the inhalation air which flows into the downstream part of this valve when the opening of a 
throttle valve increases increases rapidly, the inhalation air of this downstream part will be compressed and the temperature 
(henceforth a "downstream intake-air temperature") will come to rise more temporarily than the upstream intake-air temperature 
mentioned above. Since it will be conversely expanded by the inhalation air of this downstream part when the amount of the inhalation 
air which flows into said downstream part on the other hand when the opening of a throttle valve decreases decreases rapidly, a 
downstream intake-air temperature comes to fall more temporarily than an upstream intake-air temperature. 

[001 1] thus, temporary, if it is at the time of transient operation from which the opening of a throttle valve changes ~ an imitation - a 
downstream intake-air temperature can become temperature which is changed sharply in time and is different from an upstream 
intake-air temperature. Consequently, if it is in the conventional equipment which predicts by making for change [ be / location-/ it / 
time ] of an intake-air temperature not to arise in an inhalation-of-air path into a prerequisite, so to speak, the effect by the dynamic 
behavior of the intake-air temperature at the time of such transient operation is not reflected in prediction of an inhalation air content, 
therefore the error of the prediction result cannot be disregarded, either. 

[0012] This invention is made in view of such the actual condition, and that purpose is in offering the inhalation air content prediction 
equipment of the intemal combustion engine which can predict the amount of the inhalation air introduced into a combustion chamber 
through an inhalation-of-air path with a sufficient precision even if it is at the transient operation time. 
[0013] 
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[Means for Solving the Problem] The means and its operation effectiveness for attaining the above-mentioned purpose are indicated 
below. In the inhalation air content prediction equipment of the internal combustion engine which adjusts the amount of the inhalation 
air with which invention indicated to claim 1 is introduced into a combustion chamber by the throttle valve of an inhalation-of-air path 
To the inhalation air in said inhalation-of-air path The related fluid model The temperature information on this time of this inhalation 
air The amount of the inhalation air introduced into said combustion chamber from said downstream part in a predetermined period 
from this time, presuming the temperature after a predetermined period from this time of the inhalation air which is alike, is based and 
exists in the part of the downstream rather than said throttle valve of said inhalation-of-air path, and reflecting this presumed result He 
is trying to have a prediction means to predict. 

[0014] A prediction means presumes the temperature of the inhalation air of said downstream part based on the fluid model about the 
inhalation air in an inhalation-of-air path, and the temperature information (physical quantity which has these or correlation, such as a 
mode of temperature or a temperature change) on this time of this inhalation air, and makes the presumed result reflect in prediction of 
an inhalation air content in the above-mentioned configuration. Therefore, even if it is the case where the temperature of this 
downstream part changes from this time transitionally, when that transitional change has been grasped, an inhalation air content can be 
predicted, and a very accurate prediction result can be obtained. 

[0015] Moreover, since the amount of the inhalation air introduced into a combustion chamber through an inhalation-of-air path tends 
to increase, so that the pressure of Ae inhalation air of the above-mentioned downstream part becomes high, and so that the 
temperature becomes low, it can ask for this based on the above-mentioned pressure and temperature. Therefore, the amount of tiie 
inhalation air introduced into a combustion chamber in a predetermined period from this time based on the pressure and temperature 
which are they-presumed can be predicted now by presuming the pressure and temperature after a predetermined period from this time 
of the inhalation air of a downstream part. 

[0016] Furthermore, the pressure and temperature after a predetermined period can presume these from this time of the inhalation air 
of this downstream part by relating with physical quantity called the pressure and temperature of inhalation air in this time of that 
downstream part at the amount in this time and temperature of the inhalation air which flows into a downstream part at the heat energy 
conservation law list about the inhalation air of a downstream part based on the conservation of mass, and a list. 
[00 1 7] Invention indicated to claim 1 is set to the above-mentioned inhalation air content prediction equipment as a configuration 
materialized more like invention which indicated to claim 2. Therefore, the - aforementioned prediction means The fluid model built 
by the heat energy conservation law list about the inhalation air of said downstream part based on the conservation of mass. Based on 
the pressure and temperature in this time of inhalation air of said downstream part, the pressure and temperature after a predetermined 
period are presumed from this time of the inhalation air of said downstream part in the amount in this time and temperature of the 
inhalation air which flows into said downstream part, and a list. The configuration that it is what predicts said inhalation air content 
based on the this pressure presumed and temperature is employable. 

[0018] Invention indicated to claim 3 is set to the inhalation air content prediction equipment of an internal combustion engine 
according to claim 2. Moreover, said prediction means mt (0) and temperature for the amount in this time of the inhalation air which 
flows into said downstream part Tha, Pm (0) and temperature for the pressure in this time of the inhalation air of said downstream part 
Tm (0), When the ratio of specific beat of mc (i) and air is set to kappa and the volume of R and said downstream part is set [ the 
amount of the inhalation air introduced into a combustion chamber fi^om said downstream part ] to V for a gas constant. The pressure 
Pm (i) of the inhalation air of the discrete formula (1) obtained from said each conservation law, (2) and said inhalation air content mc 
(i), and said downstream part, and relational expression with temperature Tm (i) (3) 
[0019] 
[Equation 2] 

^«f> = ^m<' - I) + A/ -ic . — • (/»,(/ - 1) ' Tf,^ - m^o -ly T^ii- i))* ••(!) 
P P R 

-=?-(0 = ^0 - I) + Ar - — . (m, (/-!)- m^O - 1)) • • -(2) 

'"cto = /(^m('),r„(o) •••(3) 

Ar: met mess tfwd = 't(Ano) 

By performing processing only whose count n of predetermined it is alike and repeats the based operation, it is supposed that it is what 
presumes the pressure Pm (n) and temperature Tm (n) after the predetermined period tfwd from this time of the inhalation air of said 
downstream part. 

[0020] Since according to the above-mentioned configuration it is discretized and expressed as said fluid model is shown in each 
above-mentioned formula (1) and (2), the pressure Pm (n) and temperature Tm (n) after a predetermined period can be presumed based 
on a comparatively easy algorithm from this time of the inhalation air of said downstream part. 

[0021] It sets to the inhalation air content prediction equipment of an internal combustion engine according to claim 3 like [ in 
performing such data processing ] invention indicated to claim 4. Moreover, the - aforementioned prediction means Perform said a 
series of repetitive operation for every predetermined interrupt period, and it sets to this interrupt timing. If the configuration that it is 
what computes either [ at least ] the pressure Pm in this time of the inhalation air of said downstream part used for the repetitive 
operation in next interrupt timing (0) or the temperature Tm (0) is adopted Not using a sensor etc., ♦* can also search for serially the 
pressure Pm of the above-mentioned inhalation air (0), or its temperature Tm (0) through the above-mentioned repetitive operation, 
and simplification of the configuration of inhalation air content prediction equipment can be attained now. 
[0022] Moreover, generally, since the responsibility of a general -purpose temperature sensor is low, when the temperature Tm of 
inhalation air (0) is detected using this sensor, it is difficult to detect change of this temperature Tm (0) with a sufficient precision, and 
it cannot finish being avoided that an error arises in the detection result. 

[0023] In this point and the above-mentioned configuration, if especially the temperature Tm of an inhalation air content (0) is 
computed, while being able to attain simplification of a configuration, the fall of the predictability resulting from the detection error of 
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such a sensor can be avoided. 
[0024] 

[Embodiment of the Invention] The 1st operation gestalt of this invention is explained below [the 1st operation gestalt]. 
[0025] He is trying to apply the inhalation air content prediction equipment concerning this invention to the internal combustion 
engine which has an air flow meter as a sensor which detects an inhalation air content with this operation gestalt. First, with reference 
to drawing 1 , this internal combustion engine's 1 0 outline and the configuration of this prediction equipment are explained. 
[0026] An internal combustion engine's 1 0 inhalation-of-air path 20 is constituted by the suction-port 23 grade which connects the 
surge tank 22 connected to the aisleway of a throttle body 21 in which the throttle valve 24 was formed, and the downstream of this 
throttle body 21 and this surge tank 22, and a combustion chamber 29. After metering of the inhalation air which flows the inhalation- 
of-air path 20 is carried out by the throttle valve 24, it is introduced in a combustion chamber 29 at the time of valve opening of an 
inlet valve 26. 

[0027] Inhalation air content prediction equipment predicts the amount of the inhalation air introduced in a combustion chamber 29 in 
a predetermined period from this time, and is greatly constituted by the various sensors 41-45 including an arithmetic unit 30 and an 
air flow meter 41. 

[0028] The arithmetic unit 30 is equipped with the operation part 3 1 which performs data processing, and the memory 32 the various 
function data used on the occasion of the program concerning such data processing or its activation were remembered to be. This 
arithmetic unit 30 is constituted by the electronic control which performs various control of an internal combustion engine 10. 
[0029] Others, an intake temperature sensor 42, the throttle sensor 43, tiie cam angle sensor 44, and crank angle sensor 45 grade are 
contained in sensors 41-45. [ air flow meter / 41 / above-mentioned ] All, the air flow meter 41 and the intake temperature sensor 42 
are formed in the part of the upstream from the throttle valve 24 at the inhalation-of-air path 20, and detect the amount and 
temperature of the inhalation air which flows in a surge tank 22 through this valve 24 (henceforth "the upstream intake-air temperature 
Tha"), respectively. 

[0030] Moreover, with this operation gestalt, the thing of the heat ray type equipped with the detecting element 410 which consists of 
a heat ray as the above-mentioned air flow meter 41 is used. Drawing 2 shows the cross-section structure of this detecting element 
410. As shown in this drawing, this detecting element 410 is constituted by the heat ray 412 which consists of platinum etc., and the 
glass layer 414 which covers the perimeter of this heat ray 412. 

[0031] The throttle sensor 43 is formed near the throttle valve 24, and detects the opening (throttle opening TA) of this valve 24. The 
crank angle sensor 45 is formed [ near / where the cam angle sensor 44 carries out the closing motion drive of the inlet valve 26 / the 
cam shaft (illustration abbreviation) ], respectively near the crankshaft (illustration abbreviation) which carries out the rotation drive of 
this cam shaft. An arithmetic unit 30 incorporates the output signal of these cam angle sensor 44 and the crank angle sensor 45, and 
detects the closing motion stage (valve timing VT) of an inlet valve 26, respectively in the rotational speed (engine engine speed NE) 
and its rotation phase (crank angle CA) list of a crankshaft. In addition, the device (illustration abbreviation) in which the closing 
motion stage of the above-mentioned inlet valve 26 is changed based on engine operational status, such as the engine rotational 
frequency NE and an engine load, is prepared for the internal combustion engine 10 of this operation gestalt. Therefore, the above- 
mentioned valve timing VT will be suitably changed according to engine operational status. 

[0032] Next, prediction processing of the inhalation air content by the equipment of such this operation gestalt is explained. The 
principle which will be the requisite for this prediction processing first is explained. 

[0033] The space from the inhalation-of-air path 20 to a combustion chamber 29 from a throttle valve 24 First, the part of the upstream 

From 27 and this throttle valve 24, rather than an inlet valve 26 by the downstream The part of the upstream (It is hereafter called an 

"upstream part") (It is hereafter called a "downstream part") It divides into 28 and three parts called a combustion chamber 29, and the 

fluid model about the inhalation air which exists in the downstream part 28 among each [ these ] parts 27-29 is built. 

[0034] Namely, the amount of the inhalation air which flows out of "M" and this downstream part 28 the mass of the inhalation air 

which exists in this downstream part 28 in a combustion chamber 29 per time amount If the amount (henceforth "throttle- valve 

through put") of the inhalation air which flows (it is hereafter called "the inhalation air content in a cylinder") into the downstream part 

28 from "mc" and the upstream part 27 is set to "mt" Variation [ per time amount of the above-mentioned mass M ] d (M)/dt can be 

expressed like a degree type (5) based on the conservation of mass. 

[0035] 

[Equation 3] 

M = mt ~ mc •••(5) 

On the other hand, the heat energy in which this inhalation air has them when "Tm", its isochore specific heat, and the isotonic specific 
heat are set to "Cv" and "Cp", respectively serves as "Cv-M-Tm" in the temperature (henceforth a "downstream intake-air 
temperature") of the inhalation air which exists in the downstream part 28. Moreover, since the heat energy which the inhalation air 
which flows into a combustion chamber 29 from "Cp-mt-Tha" and the downstream part 28 has [ the heat energy which the inhalation 
air which flows into the downstream part 28 from the upstream part 27 has ] is "Cp-mc-Tm", the variation d (Cv-M-Tm)/dt per time 
amount of above-mentioned heat energy Cv-M-Tm can be expressed like a degree type (6) based on a heat energy conservation law. 
[0036] 
[Equation 4] 

-^{Cv ^f Tm) = Cp'mt'Tha'Cp'mc'Ti„ 

Moreover, the equation of state about the inhalation air which exists in the downstream part 28 will become like the following 
equation (7), if the pressure (henceforth a "downstream intake pressure") of the inhalation air for "V" and the said division 28 is set to 
"Pm" and it sets a gas constant to "R" for the volume of the downstream part 28. 
[0037] 
[Equation 51 

/>^.K = A|./?.r« •••(7) 

Here, if the ratio of specific beat of air is set with "kappa" (=Cp/Cv), a formula (5) can express the following formulas (9) and a 
formula (6) like the following formulas (8) using the above-mentioned formula (7). 
[0038] 
[Equation 6] 
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Y'i'^fTha-mc Tm) •••(«) 



Furthermore, if discrete spacing is set to "deltat", tiie left part of each [ these ] type (8) and (9) can be expressed as shown in a degree 
type (10) and (11). 
[0039] 
[Equation 7] 

' ^ ti\ _ u ri — \\ 

•(10) 



dt ' At 



•^(0 - - 1) 
-Lm Lm "-(ll) 



At 



Therefore, the following discrete formulas (12) and (13) are drawn from each [ these ] type (8) - (1 1). In addition, in this formula (12) 
and (13), "i" in a parenthesis shows a value and "i-l" shows a value last time this time, respectively. 
[0040] 
[Equation 8] 

^iii<0 = /;„(/ - 1) + A/ ■ ■ — • - 1) . - m^(/ - i) • T^ii - i))- • -(12) 
P P R 

-f- in = -y?- <i - 1) + Af - — . {ot, m^ii - 1)) • • -(13) 

On the other hand, the inhalation air content mc in a cylinder can be calculated using the following empirical formula (14). 
[0041] 
[Equation 9] 



= ':^ {a ' - b) ---(14) 



In an upper type (14), each of "a" and "b" is constants, and is set as the flow of the inhalation air in the part from the downstream part 
28 to a combustion chamber 29 at the affecting engine control parameter, i.e., here, based on the engine engine speed NE and valve 
timing VT. The relation between these constants a or a constant b and the engine engine speed NE, and valve timing VT is beforehand 
defined by experiment, and is memorized by the memory 32 of an arithmetic unit 30 as a function map. Moreover, "To" is the 
reference temperature (constant) of the inhalation air when setting up each constants a and b by such experiment. 
[0042] As shown in each following formula (15) and (16), if this empirical formula (14) is used, each above-mentioned formula (12) 
and (13) can deform. 
[0043] 

[Equation 10] 

CO = P„ </ - 1) + A/ • *: • ^ ' {m^ U - - - {a (/ - i) - *)) • ' 'd 5) 

:5s 



•-06) 



Moreover, it can ask for the downstream intake-air temperature Tm using the formula (17) of the following obtained from each 

[ these ] type (15) and (16). 

[0044] 

[Equation 11] 

Each [ these ] type (15) So that clearly from - (17) Throttle- valve through put mt in this time. It is based on the downstream intake 
pressure Pm, the downstream intake-air temperature Tm, and the upstream intake-air temperature Tha. The downstream intake 
pressure Pm and the downstream intake-air temperature Tm after the above-mentioned discrete spacing deltat can be presumed after a 
predetermined period (i.e., here) from this time. Furthermore, by substituting for a formula (14) tiie downstream intake pressure Pm 
presumed in this way and the downstream intake-air temperature Tm, the inhalation air content mc in a cylinder after discrete spacing 
deltat can be presumed from this time. 

[0045] Moreover, he is trying to calculate the above-mentioned throttle-valve through put mt in prediction processing of this operation 
gestalt according to two approaches the foUov^ngs differ. Hereafter, the approach at the time of calculating this throttle-valve through 
put mt is explained. 

[0046] First, the procedure at the time of calculating the throttle-valve through put mt based on the detecting signal of an air flow 
meter 41 is explained. As everyone knows, an air flow meter 41 detects tales doses using the heating value taken from this heat ray 
412 changing according to an inhalation air content, in case inhalation air passes through the perimeter of a heat ray 412. The relation 
between the detecting signal of this air flow meter 41 and an inhalation air content is beforehand called for by experiment, and is 
memorized by the memory 32 of an arithmetic unit 30 as a ftinction map. Therefore, an inhalation air content can be calculated based 
on the detecting signal and this ftinction map of an air flow meter 41 . 

[0047] However, as compared with a heat ray 412, generally, since heat capacity is large, the above-mentioned glass layer 414 has the 
inclination for the temperature Tgs to be overdue to change of the amount of the inhalation air which passes near the detecting element 
410, and to change. For this reason, if there is an inhalation air content calculated from the above-mentioned ftinction map if it is at the 

http://www4.ipdLncipi.gojp/cgi-bin/tran_web_cgi_ejje 1/12/2006 



JP,2001-041095,A [DETAILED DESCRIPTION] 



Page 5 of 11 



time of steady operation from which an inhalation air content does not change at the time of transient operation from which a true 
inhalation air content and this inhalation air content of a match change, the inhalation air content calculated from a function map 
comes to shift from a true inhalation air content, 

[0048] Then, in order to foresee beforehand the response delay about the temperature change of such a glass layer 414 and to calculate 
a true inhalation air content, he builds the thermal equilibrium model about this layer 414, and is trying to compute an inhalation air 
content with this operation gestalt based on the reverse model. In addition, in the following explanation, a true inhalation air content is 
made into the throttle-valve through put mt, and the inhalation air content acquired based on the detecting signal and the above- 
mentioned function map of an air flow meter 41 is distinguished as a map operation value GA. 

[0049] First, if temperature of a heat ray 412 is set to "Tht" (refer to drawing 2 ), the variation d (Tgs)/dt of the temperature Tgs of the 
glass layer 414 can be expressed like the following formulas (18) from the balance with the heating value transmitted to the glass layer 
414 from a heat ray 412, and the heating value transmitted to initiation air from this layer 414. 

[0050] 

[Equation 12] 

Here, "A", "B", "C", and "D" are constants determined according to **, such as the cross section of a heat ray 412, die length and its 
resistivity, and a heat transfer rate between the glass layer 414 and a heat ray 412, a heat transfer rate between the glass layer 414 and 
inhalation air. 

[0051] Moreover, at the time of steady operation, since transfer of the heat between the glass layer 414, and a heat ray 412 and 
inhalation air is lost, as shown in a degree type (19) and (20), the left part d (Tgs)/dt of a formula (18), i.e., the temperature variation of 
the glass layer 414, is set to "0", and the map operation value GA and the throttle-valve through put mt become equal. 
[0052] 

[Equation 13] 
GA = m, •'<20) 

Therefore, the following formula (2 1 ) is obtained from each above-mentioned formula ( 1 9) and (20). 
[0053] 

[Equation 14] 

i 2 



Furthermore, if a formula (18) is transformed using this formula (21), the degree type (22) from which the temperature Tgs of the glass 

layer 414 was eliminated will be obtained. 

[0054] 

[Eouation 15] 

Moreover, the left part of this formula (22) can be expressed like a degree type (23), if discrete spacing is set to "deltat." 
[0055] 

[Equation 16] 

__ = ^ ...(23) 

Therefore, the following discrete formulas (24) are drawn from each above-mentioned formula (22) and (23). In addition, in this 
formula (24), "alpha" and "beta" are constants which become settled by above-mentioned constant A-D, and "j" in a parenthesis shows 
a value and "j-1 " shows the value last time this time, respectively. 
[0056] 

[Equation 17] 



mt 



J^ + ^.:Slz^:]II ...(24) 



The throttle-valve through put mt in this time Q) can be presumed based on the map operation value GA in this time Q), and the map 
operation value GA Q-l) in front of discrete spacing deltat so that clearly from this formula (24). 

[0057] Next, the procedure at the time of calculating the throttle-valve through put mt based on engine operational status, such as the 
throttle opening TA, is explained. When the opening part of a throttle valve 24 is assumed to be a kind of orifice, the amount (throttle- 
valve through put mt) of the fluid which passes this orifice is expressed by each following formula (25) and (26) as everyone knows. 

[Equation 18] 
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■^P„,P„) -(25) 



ha 



K 



••06) 



Here, "mu" is the flow coefficient of an orifice (opening part of a throttle valve 24), and "Pa" is atmospheric pressure (constant value). 

Moreover, "At" is the opening area of a throttle valve 24, and can ask for this uniquely from the throttle opening TA. 

[0059] Here, if the time of steady operation by which the throttle opening TA is held uniformly is assumed, a formula (25) will 

become like a degree type (27). 

[0060] 

[Equation 19] 



7^ 



■■(27) 



Here, "mtTA" and "PmTA" show the throttle-valve through put mt at the time of steady operation, and the downstream intake pressure 
Pm, respectively. The throttle-valve through put mtTA at the time of these steady operations and the downstream intake pressure 
PmTA can be determined as the flow of the inhalation air in the part from the upstream part 27 to a combustion chamber 29 at the 
affecting engine control parameter, i.e., here, based on the throttle opening TA, the engine engine speed NE, and valve timing VT. The 
relation between the throttle- valve through put mtTA at the time of these steady operations or the downstream intake pressure PmTA, 
the throttle opening TA and the engine engine speed NE, and valve timing VT is beforehand called for by experiment, and is 
memorized by the memory 32 of an arithmetic unit 30 as a function map. 
[0061] If this formula (27) is used, a formula (25) can be expressed like a degree type (28), 
[0062] 

[Equation 20] 



J 



Furthermore, if it is at the time of steady operation, since the throttle- valve through put mtTA and the inhalation air content mc in a 
cylinder become equal (mtTA=mc) and the downstream intake-air temperature Tm and the upstream intake-air temperature Tha 
become equal (Tm=Tha), the above-mentioned formula (14) can be expressed like a degree type (29). 
[0063] 

[Equation 21] 

m^TA = -^'{^ ' PmTA " •••(29) 



'ha 

And if this formula (29) is used, the above-mentioned formula (28) can be expressed still like a degree type (30). 
[0064] 

[Equation 22] 



'ho 



-(30) 



The throttle- valve through put mt can be presumed based on the value PmTA of the downstream intake pressure Pm when assuming 
that it is at the steady operation time (TA, NE, VT) in the upstream intake-air temperature Tha and the downstream intake pressure 
Pm, the atmospheric pressure Pa, and list in this time so that clearly from this formula (30). 

[0065] He is trying to predict the inhalation air content mc in a cylinder after a predetermined period to be the throttle-valve through 
put mt calculated based on each option in this way from this tune with this operation gestalt based on each formula (14),- (17) 
mentioned above. In addition, in the following explanation, the flirottle- valve through put mt asked for the throttle-valve through put 
mt calculated based on engine operational status, such as the throttle opening TA, based on the detecting signal of the 1 air flow meter 
throttle- valve through put estimate mt 41 is distinguished as throttle- valve through put measured value mt2. 
[0066] Next, drawing 3 and drawing 4 are combined, referred to and explained about the detail of the prediction processing by the 
equipment of this operation gestalt. Drawing 3 R> 3 and drawing 4 are flow charts which show an example of the procedure at the 
time of predicting the inhalation air content mc in a cylinder, this processing of a series of is performed by the arithmetic unit 30 the 
interrupt period (for example, — "— every 8msec.") for every predetermined time. 

[0067] On the occasion of this processing, the prediction period tfwd at the time of predicting an inhalation air content is set up first 
(step 100). This prediction period tfwd will be the fuel oil consumption in the last fuel injection, and a thing set up according to fuel 
injection duration, if it puts in another way. Therefore, the inhalation air content mc in a cylinder after the time amount which the last 
fuel injection took from this time passes will be predicted here. Incidentally, this fuel injection duration is computed through 
processing concerning fiiel injection with this another processing. Moreover, in processing concerning this fuel injection, fuel oil 
consumption is computed based on the newest inhalation air content mc in a cylinder computed through this processing. 
[0068] Next, the downstream intake pressure Pm after the prediction period tfwd, the downstream intake-air temperatures Tm, and 
those ratios Pm/Tm are computed based on said throttle-valve through put estimate mtl from this time (step 200). In addition, the 
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downstream intake pressure Pm after the prediction period tfwd computed below based on the throttle-valve through put estimate mtl 
the downstream intake-air temperatures Tm and those ratios -- Pm/Tm with "Pmltfwd", "Tmltfwd". and "Pml tfwd/Tmltfwd", 
respectively moreover, the downstream intake pressure Pm in the middle of the calculation, the downstream intake-air temperatures 
Tm, and those ratios - it writes "Pml (i)", "Tml (i)", and "Pml/Tml (i)", respectively. [ Pm/Tm ] 

[0069] On the occasion of calculation of this downstream intake-pressure Pmltfwd and downstream intake-air temperature Tmltfwd, 
processing only whose count of predetermined repeats the operation based on each above-mentioned formula (15) - (17) and a formula 
(30) is performed. 

[0070] That is, as shovm in drawing 4 , the increment of the counter value i showing the count of a loop of this processing (initial 
value : "0") is carried out first (step 202), and it is judged whether next the prediction periods tfwd are deltatl or more predetermined 
time (step 204). Here, the above-mentioned predetermined time deltatl is setup equally (for example, "8msec.") to the interrupt period 
of this routine. And when the prediction period tfwd is judged to be these deltatl or more predetemiined time (step 204: YES), discrete 
spacing deltat of each above-mentioned formula (15) and (16) is set up equally to predetermined time deltatl (step 206). 
[0071] next, based on a formula (30), the throttle-valve through put estimate mtl (i) computes - having - further - after that and each 
formula (15) - (17) - being based - the downstream intake pressure Pm 1 (i), the downstream intake-air temperatures Tml (i), and 
those ratios - Pml (i)/Tml (i) is computed, respectively (step 208). And predetermined time deltatl is subtracted from the current 
prediction period tfwd, and the subtraction value (tfwd-delta tl) is set up as a new prediction period tfwd (step 210). 
[0072] Next, when it is judged whether this new prediction period tfwd is below "0" (step 212) and this prediction period tfwd is 
judged to be longer than "0" (step 212: NO), processing after step 202 is performed again. Under the present circumstances, if it is 
judged that the prediction period tfwd is less than deltatl predetermined time in step 204 (step 204: NO), discrete spacing deltat will be 
set up equally to the prediction period tfwd (step 207), and processing after step 208 will be performed. 
[0073] And by repeating processing of steps 202-212 If the prediction period tfwd becomes below "0" (step 212: YES) the 
downstream intake pressure Pm 1 (i), the downstream intake-air temperature Tml (i), and a ratio - Pml /Tml (i) of them downstream 
intake-pressure Pmltfwd after the prediction period tfwd, downstream intake-air temperature Tmltfwd, and a ratio - it is set up as 
Pml tfwd/Tmltfwd, respectively (step 214). 

[0074] For example, when the interrupt period of this routine is "8msec." and the prediction period tfwd is set as "30msec." through 
processing of previous step 100, Discrete spacing deltat will be set up in order through processing of the above-mentioned step 
204,206,207 in the mode "8msec." ->"8msec." ->"8msec." -> "6msec.", and processing to step 202 - step 212 will be repeated "4 
times." and the downstream intake pressure Pm 1 (4) in case the counter value i is "4", the downstream intake-air temperatures Tml 
(4), and those ratios Pml /Tml (4) - downstream intake-pressure Pmltfwd after [ this time to ] the prediction period tfwd, downstream 
intake-air temperature Tmltfwd, and a ratio ~ it will be set up as Pml tfwd/Tmltfwd, respectively. 

[0075] Then, while the counter value i was reset by "0", after discrete spacing deltat is set up equally to the above-mentioned 
predetermined time deltatl (step 216), processing is returned to step 300 shown in drawing 3 . 

[0076] At step 300, the map operation value GA in this time 0) and (it is hereafter written as "GA(0)") are computed based on the 
detecting signal of an air flow meter 41 . Next, based on the map operation value GA in this this time (0), and the map operation value 
GA 0-1) (it is hereafter written as "GA (-1)") computed in the last interrupt timing, the throttle-valve through put measured value mt2 
in this time (0) is computed using a previous formula (24) (step 400). 

[0077] and this throttle-valve through put measured value mt2 (0) - being based - each previous formula (15) - (17) ~ using - the 
downstream intake pressure Pm after discrete spacing deltat (i), the downstream intake-air temperatures Tm (i), and those ratios - 
Pm/Tm (i) is computed, respectively (step 500). In addition, the downstream intake pressure Pm computed in this step 500 (i) the 
downstream intake-air temperatures Tm (i) and those ratios - the value computed to this interrupt timing among Pm/Tm (i) with "Pm2 
(1)", "Tm2 (1)", and "Pm2/Tm2 (1)", respectively It writes "Pm2 (0)", "Tm2 (0)", and "Pm2/Tm2 (0)", respectively. [ the value 
computed to the last interrupt timing ] 

[0078] each following formula (31), (32), and (33) ~ being based - the downstream intake pressure Pmtfwd after [ this time to ] the 
prediction period tfwd, the downstream intake-air temperatures Tmtfwd, and those ratios — while Pmtfwd/Tmtfwd is computed, the 
inhalation air content mctfwd in a cylinder after the prediction period tfWd is computed by being based on the formula (34) obtained 
from the above-mentioned formula (14) (step 600). [ next, ] 

[0079] 

[Equation 23] 

Pmtfwd = PmUJwd - + /*m2C0) •••(31) 

•••(32) 




^mrfwd 
^mtfwd 

'^crf^d-^^^Toia-Pn^^^'b) -..(34) 
^mtjwd 

In this way, after the inhalation air content mctfwd in a cylinder is computed, the initial value of data processing in next interrupt 
timing is set up, respectively (step 700). 

[0080] Drawing 5 is a timing chart which shows the setting mode of such initial value. In this drav^dng, while engine operation is 
started in time of day tl , this routine shall be started. 

[0081] Initial value [ in / as shown in this drawing / the interrupt timing (time of day t2 and t3) of the 2nd henceforth ], Namely, the 
downstream intake pressures [ Pm / Pm (0) and / 2 ] 1 (0), the downstream intake-air temperature Tml (0), In Tm(s)2 (0), these ratios 
Pml/Tml (0), Pm2/Tni2 (0), and a list, the map operation value GA (-1) It is set up as follows using the value computed in the last 
interrupt timing as the values (Pml (1) etc.) or the value (GA (0)) in this time after discrete spacing deltat, respectively. 
[0082] 

[Equation 24] 
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Pm2 (0) <- Pj„2 (J) 
^(0)^^(1) 
Gi4(-|) G-^<0) 

On the other hand, about the initial value in the first interrupt timing (time of day tl), it is set up as follows from the calculation value 

in the last interrupt timing not existing. 

[0083] 

[Equaticn 251 
Pm\ (0) Fa 

Pm2 C«>) ^ Pa 

r«l Tha 

Tml <05 ^ Tha 

P^ 



'ml ^ha 

GAi-l) 0 



Thus, after setting up each initial value in next interrupt timing, processing of this routine is once ended. 

[0084] As explained above, with this operation gestalt, a fluid model is built based on the conservation of mass in the heat energy 
conservation law list about the inhalation air of the downstream part 28. The fluid model, Based on the downstream intake pressure 
Pm and the dovmstream intake-air temperature Tm, the downstream intake pressure Pmtfwd after the prediction period tfwd and the 
downstream intake-air temperature Tmtfwd are presumed from this time in the throttle-valve through put mt and the upstream intake- 
air temperature Tha, and a list. Furthermore, he is trying to predict the inhalation air content mctfwd in a cylinder after the prediction 
period tfwd from this time based on them. 

[0085] (1) Therefore, even if it is the case where the downstream intake-air temperature Tm changes from this time transitionally, 
when the transitional change has been grasped, the inhalation air content mc in a cylinder can be predicted, and a very accurate 
prediction result can be obtained. 

[0086] In case the fluid model of such inhalation air is built, the conservation of mass and the heat energy conservation law about 
inhalation air of the downstream part 28 (2) Moreover, a previous formula (12), He is trying to presume the downstream intake 
pressure Pmtfwd after the prediction period tfwd, and the downstream intake-air temperature Tmtfwd from this time by a discrete 
formula's as shown in (13) expressing, and performing processing which repeats the operation based on these dispersion type (12) and 
(13) the number of predetermined times. Therefore, the downstream intake pressure Pmtfwd required for prediction of the inhalation 
air content mctfwd in these cylinders and the downstream intake-air temperature Tmtfwd can be presumed now based on a 
comparatively easy algorithm. 

[0087] (3) In case the above-mentioned repetitive operation is performed a predetermined interrupt period, he is trying to compute the 
downstream intake pressure Pm (0) and the downstream intake-air temperature Tm (0) in this time used to next interrupt timing in this 
interrupt timing furthermore. For this reason, not using the sensor for detecting the pressure and temperature in the downstream part 28 
etc., ** can also ask for these downstream intake pressure Pm (0) and the downstream intake-air temperature Tm (0) serially through 
the above-mentioned repetitive operation, and can attain now simplification of the configuration of inhalation air content prediction 
equipment. 

[0088] (4) By presuming the downstream intake-air temperature Tm in this time (0) especially, the need of generally using the low 
general-purpose temperature sensor of responsibility is lost, and the fall of the predictability resulting from the detection error of such 
a sensor can be avoided now. 

[0089] Moreover, he is trying to calculate the throttle-valve through put estimate mtl presumed from engine operational status, such as 
the throttle opening TA, and the throttle-valve through put measured value mt2 computed based on the detecting signal of an air flow 
meter 41 as throttle- valve through put mt with this operation gestah, respectively. 

[0090] Here, when the downstream intake pressures [ Pm / Pm (i), Pm /2 / (0), and / 2 ] 1 (1) called for using these throttle-valves 
through put estimate mtl and the throttle-valve through put measured value mt2 and the downstream intake-air temperature Tml (i), 
Tm2 (0), and Tm2 (1) compare with an actual intake pressure and an actual intake-air temperature, it is checked by experiment of this 
invention persons that there are the following inclinations. 

[0091] That is, about the downstream intake pressure Pm 1 (i) called for using the throttle-valve through put estimate mtl, the 
downstream intake-air temperatures Tml (i), and those ratios Pml/Tml (i), there is an inclination for the temporal response to reflect 
correctly the actual temporal response of an intake pressure or an intake-air temperature especially. On the other hand, about the 
downstream intake pressures [ Pm / Pm (0) and / 2 ] 2 (1) called for using the throttle-valve through put measured value mt2, the 
downstream intake-air temperature Tm2 (0), Tm(s)2 (1) and those ratios Pm2/Tm2 (0), and Pm2/Tm2 (1), there is an inclination for it 
to be well in agreement with an intake pressure, an intake-air temperature, or the actual value of those ratios at the time of steady 
operation. 

[0092] For this reason, if it is at the time of transient operation by computing the downstream intake pressure Pmtfwd after the final 
prediction period tfwd, and the downstream intake-air temperature Tmtfwd using each previous formula (31)- (33), while being able 
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to make the temporal response of an actual intake pressure and an intake-air temperature reflect in that calculation correctly, it is at the 
time of steady operation, [0093]. [ i.e., ] 
[Equation 26] 
PmtXfwd = PmlW 

It is [0094] when ******(ing). 
[Equation 27] 
Pmtfwd = Pm2 <«>) 

Since it becomes, the downstream intake pressure Pmtfwd and the downstream intake-air temperature Tmtfwd come to be called for 
only based on the throttle-valve through put measured value mt2. 

[0095] (5) therefore - according to this operation gestalt ~ the time of steady operation ~ be ~ the time of transient operation - be — 
the downstream intake pressure Pmtfwd after the prediction period tfwd and the downstream intake-air temperature Tmtfwd can be 
correctly presumed from this time, as a result the inhalation air content mctfwd in a cylinder can be more correctly predicted now. 
[0096] (6) Furthermore, with this operation gestalt, since the thermal equilibrium model about the glass layer 414 of an air flow meter 
41 is built and he is trying to calculate the above-mentioned throttle- valve through put measured value mt2 based on the reverse 
model, the response delay about the temperature change of this layer 414 can be foreseen beforehand,, and it can ask for this. 
Therefore, the more exact throttle-valve through put measured value mt2 can be calculated, and the downstream intake pressure 
Pmtfwd and the downstream intake-air temperature Tmtfwd can be presumed now still more correctly based on this. 
[0097] The 2nd operation gestalt of this invention is explained focusing on difference with the 1st operation gestalt below [the 2nd 
operation gestalt]. 

[0098] With this operation gestalt, the point he is trying to apply the inhalation air content prediction equipment concerning this 
invention to tfie internal combustion engine which has an intake-pressure sensor as a sensor which detects an inhalation air content is 
different from the 1 st operation gestalt. As shown in drawing 6 , this intake-pressure sensor 46 is attached in the surge tank 22, and 
detects the pressure Pm of the inhalation air of that interior, i.e., a downstream intake pressure. 

[0099] Next, the detail of the prediction processing by the equipment of this operation gestalt is explained. Drawing 7 is a flow chart 
which shows an example of the procedure at the time of predicting the inhalation air content mc in a cylinder, this processing of a 
series of is performed by the arithmetic unit 30 the interrupt period (for example, - every 8msec.") for every predetermined time. 
In addition, at step 100 shown in this drawing 7 , and step 200, since the same processing as step 100 and steps 200-216 which are 
shown in previous drawing 3 and previous drawing 4 is performed, explanation of the contents of processing is omitted. 
[0100] After each processing of these steps 100,200 is performed, at step 350, the downstream intake pressure Pm in this time (i) and 
(it is hereafter written as "Pm3(0)") are computed based on the detecting signal of the intake-pressure sensor 46, Next, the downstream 
intake pressure Pm detected in the downstream intake pressure Pm 3 (0) detected in this interrupt timing, and the last interrupt timing 
(i-1) (it is hereafter written as "Pm3 (-1)") Based on the degree type (35) obtained from a previous formula (15), the throttle-valve 
through put (to namely, the last interrupt timing) mt (i-1) (henceforth "the throttle-valve through put measured value mt3 (-1)") in front 
of discrete spacing deltat is computed from this time (step 450). 
[0101] 

[Equation 28] 



•(35) 



Further And this throttle-valve through put measured value mt3 (-1) and a previous formula (1 6), It is based on the following formula 
(36) obtained from (17), and (37). The downstream intake-air temperature Tm in this time (0) The ratios Pm3/Tm3 (0) of the 
downstream intake pressure Pm 3 (0) and the downstream intake-air temperature Tm3 (0) are computed by the list ("Tm3(0) [ list ]" is 
written hereafter), respectively (step 550). 
[0102] 

[Equation 29] 



^,0) = ^M> . At . f ■ («,3C-i) - j^'ia • /i,3<-i> - t)] ...(36) 



'in3 

In addition, in the above-mentioned step 450 and step 550, when computing the downstream intake-air temperature Tm3 (0) etc. based 
on a formula (35) and (36), the value which the value into which the upstream intake-air temperature Tha was read to the last interrupt 
timing was used, and was set up based on the last engine engine speed NE and the valve timing VT in interrupt timing about each 
constants a and b is used. Moreover, when this time is the first interrupt timing, the value in this time [ intake-air temperature / Tha / 
upstream ] and the value to which each constants a and b are set based on the engine engine speed NE (= "0") and valve timing VT at 
the time of an engine halt are used. 

[0103] Next, the formula which permuted "Pm2 (0)" and "Pm2/Tm2 (0)" by "Pm3 (0)" and "Pm3/Tm3 (0)" in each previous type (3 1) 
and (32), respectively, each formula (33) and (34) - using - the downstream intake pressure Pmtfwd after [ this time to ] the 
prediction period tfwd, the downstream intake-air temperatures Tmtfwd, and those ratios, while Pmtfwd/Tmtfwd is computed The 
inhalation air content mctfwd in a cylinder after the prediction period tfwd is computed (step 650). 

[0104] In this way, after the inhalation air content mctfwd in a cylinder is computed, the initial value of data processing in next 
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interrupt timing is set up, respectively (step 750). Drawing 8 is a timing chart which shows the setting mode of such initial value. In 
this drawing, while engine operation is started in time of day tl , this routine shall be started. 

[0105] Initial value [ in / as shown in this drawing / the interrupt timing (time of day t2 and t3) of the 2nd henceforth ], In the 
dovmstream intake pressures [ Pm / Pm (0) and / 3 (-1) ] 1, the dov^stream intake-air temperature Tml (0), Tm3 (-1), and a list, 
namely, these ratios Pml/Tml (0) and Pm3/Tm3 (-1) It is set up as follows using the values (Pm3 (0), Tin3 (0), etc.) calculated in the 
last interrupt timing as the values (Pml (1) etc.) or the value in this time after discrete spacing deltat, respectively. 
[0106] 

[Equation 30] 



On the other hand, about the initial value in the first interrupt timing (time of day tl), it is set up as follows from the last calculation 

value or last detection value in interrupt timing not existing. 

[0107] 

[Equation 31] 
>m\ (0) «- Fa 

PmZ (-U ^ Pa 

T„\ (0) Tha 



Thus, after setting up each initial value in next interrupt timing, processing of this routine is once ended. 

[0108] Also in the 2nd operation gestalt explained above, the operation effectiveness of an abbreviation EQC can be acquired about 
(1) indicated in the 1st operation gestalt, (2), and (4). Moreover, about the operation effectiveness of (3) indicated in the 1st operation 
gestalt, conversely [ of that for which the intake-pressure sensor 46 for detecting the downstream intake pressure Pm is needed 
separately ], since an air flow meter 41 does not need the sensor which becomes unnecessary and detects the downstream intake-air 
temperature Tm at least, at this point, simplification of the configuration of inhalation air content prediction equipment can be attained. 

[0109] Furthermore, the downstream intake pressures [ Pm / Pm (0) and / 3 ] 3 (1) called for based on the detecting signal of the 
intake-pressure sensor 46, the downstream intake-air temperature Tm3 (0). Tm(s)3 (I) and those ratios Pm3/Tm3 (0), and Pm3/Tm3 
(1) have the inclination for it to be well in agreement with an intake pressure, an intake-air temperature, or the actual value of those 
ratios at the time of steady operation. Therefore, the operation effectiveness equivalent to (5) indicated in the 1st operation gestalt also 
according to this operation gestalt can be done so. 

[0110] Each operation gestalt explained above can also change and carry out a configuration as follows. 

- With each above-mentioned operation gestalt, as an amount of the inhalation air which passes a throttle valve 24, although the 
estimate based on engine operational status, such as the throttle opening TA, and the actual measurement based on the detecting signal 
of an air flow meter 41 or the sensor of intake-pressure sensor 46 grade are calculated, respectively and the inhalation air content mc in 
a cylinder was predicted using each [ these ] value, based on either these estimate or an actual measurement, it may be made to 
perform this prediction. 

[01 1 1] - Although it was made to predict the inhalation air content mc in a cylinder with each above-mentioned operation gestalt 
supposing the internal combustion engine 10 having the device in which the valve timing of an inlet valve 26 is changed, also in the 
internal combustion engine which does not have this device, the inhalation air content mc in a cylinder can be predicted according to 
the same procedure. 

[01 12] - When the device which controls the flow of the inhalation air of the inhalation-of-air path 20, for example, the swirl valve 
which controls the reinforcement of the swirl generated in a combustion chamber 29, performs the above-mentioned prediction again 
in the internal combustion engine formed in this inhalation-of-air path 20, set up the above-mentioned constants a and b, the 
downstream intake pressure PmTA at the time of steady operation, and the throttle- valve through put mtTA as a function of the 
controlled variables (for example, opening of a swirl valve etc.) of the above-mentioned device. 

[01 13] - In prediction processing of each above-mentioned operation gestalt, although the empirical formula (14) which makes this air 
content mc the function of the downstream intake-air temperature Tm and the downstream intake pressure Pm was used when 
calculating the inhalation air content mc in a cylinder, the method of calculating this air content mc is not hmited to this. 
[01 14] - Although the downstream intake pressure Pm and the downstream intake-air temperature Tm were computed with each 
above-mentioned operation gestalt by discretizing each above-mentioned formula (8) obtained as a fluid model of inhalation air, and 
(9), and performing a loop operation, you may make it compute these downstream intake pressure Pm and the downstream intake-air 
temperature Tm based on the operation expression which solved each [ these ] type (8) and (9) analytically. 





PmS (-0 Pa 
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[01 15] - Although the above-mentioned prediction period tfwd was set as the value suitable for calculation of this fiiel oil consumption 
with each above-mentioned operation gestalt that the inhalation air content mc in a cylinder used for calculation of fuel oil 
consumption should be predicted, this prediction processing is applicable also to other engine control, such as ignition timing control, 
by setting up the prediction period tfwd suitably. 

[01 16] - Although the interrupt period of a prediction manipulation routine shown in drawing 3 or drawing 7 and discrete spacing 
deltat were equally set up with each above-mentioned operation gestalt, this discrete spacing deltat can also be changed " 1/2 of range 
which can determine initial value in next interrupt timing, i.e., interrupt period," twice etc., for example so that it may become 1/n time 
(n: integer). 



[Translation done.] 
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* NOTICES ♦ 

JPO and NCIPI are not responsible for any 
damages caused by the use of this trauislation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Prawing 1] The outline block diagram of the inhalation air content prediction equipment in the 1st operation gestalt. 
Prawing 2] The sectional view of the detecting element of an air flow meter. 

[Drawing 3] The flow chart which shows the prediction procedure of the inhalation air content by the equipment of the 1st operation 
gestalt. 

[Drawing 4] The flow chart which shows the procedure at the time of similarly predicting an inhalation air content. 

Prawing 5] The timing chart which shows the configuration procedure of the initial value in each interrupt timing by the equipment 

of the 1st operation gestalt. 

Prawing 6] The outline block diagram of the inhalation air content prediction equipment in the 2nd operation gestalt. 

Prawing 7] The flow chart which shows the prediction procedure of the inhalation air content by the equipment of the 2nd operation 

gestalt. 

Prawing 8] The timing chart which shows the configuration procedure of the initial value in each interrupt timing by the equipment 
of the 2nd operation gestalt. 
Pescription of Notations] 

10 ~ an internal combustion engine, 20 - inhalation-of-air path, 21 throttle body, and 22 - a surge tank, 23 - suction port, 24 — 
throttle valve, and 27 ~ an upstream part, 28 ~ downstream part, 29 - combustion chamber, and 26 - an inlet valve, 30 ~ arithmetic 
unit, 3 1 ~ operation part, and 32 — memory, 41 — air flow meter, 42 — intake temperature sensor, and 43 — a throttle sensor, 44 -- cam 
angle sensor, 45 - crank angle sensor, and 46 - an intake-pressure sensor, a 410 - detecting element and a 412 - heat ray. 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 



21 2a 20 , 

41 42 43^ S Hte ^ 



T 
22 

32 

..-C. 




CZIJ 



-45 



-30 



26-TSW» 42-«nt:/t 



(Drawing 2 ] 




t*B: GA=mt 
GA^mt 



414 412 



[Drawing 3] 



http://wvvw4.ipdl.ncipi.gojp/cgi-bm/tran_web_cgi_ejje 



1/12/2006 



IP,2001-041095,A [DRAWINGS] 



Page 2 of 5 



Keiiatfwdst 



-5100 



> "RIMtSTMtltO tPaitfMl/TutfiidtM 



:^ash^l>it&Ms>^sm^m^ (o) siu 



■5200 



-5300 



7»7llf«GA (-1) . GA (0) CStJUT 
IWAtdl7a»l>Jk«Htll£iiiu (0) filB 



-S400 



. T2itSaT« ( 1) . JtP«/T« (1) film ^ 



f/UBHtfMdfto 
tIAftA£SllnictMfitlH 



Pid (0) oPid (1) 
Pia(0)<«-P.(l) 
T.»(0)*-T«(1) 
T-(0)*Ti*(l) 
P-/T«(0)*P^«(1) 
P«/T-(0) (1) 
GA l-l) *GA (0) 



■5600 



-S700 



[Drawing 5] 



tUH&tftlDt 



Ml 



P. 

Th." 



tl 



' p«(l) ^ 




Pm(1) 1 




p^(i) 


p«(l) 




Pie(l) 




p«.(i) 


T..(l) 




T«(l) 




T„(l) 


T«(l) 






T«(l) 








1 m 






ft'" 






1 Mi 


.ft"' ^ 






ft"'- 






1 A 


GA{0) - 






GA(0) - 




GA(0) 


f P,i (0) 






r P« (0) 




r Pm (0) 


P.(0) 




P-(0) 




P«(0) 


T-(0) 




T«(0) 




T«(0) 


T-(0) 




T*(0) 




T*(0) 


las 




ft«" 




^10) 
Tbi 


^^(0) 




lft<«> 




^ lie 


♦ GA (-1) 




GA (-1) 




GA (-1) 










■ > 



t2 



t3 



At 



At 



[Drawing 4] 



http://www4.ipdl.ncipi.gojp/cgi-bm/tran_web_cgi_eije 



1/12/2006 



JP,2001-041095,A [DRAWINGS] 
( ) — S200 



-S202 




YES 



At«-Atl 



S207 



At*tfwd 



mu (i) . (i) . U) . (i) oM 



'S20B 



tfwd<-tfwd-Atl 




tfWd^O 
YES 



S212 
NO 



Pnttf^tf*^*! (i) 

T«itnid<-T«i (i) 
Pirttftrt/T«5fcftd«-P«i/T.i (i) 



T 



-S214 



At«-Atl 



-S216 



c 



J 



[Drawing 6\ 



21 28 



,20 



mt . 



42 



29 




Prawing 81 



http://www4ipdl.ncipi.gojp/cgi-biiVtran_web_cgi_ejje 



JP,2001-041095,A [DRAWINGS] 



Page 4 of 5 



r P«i(l) -] 








P«l(l) 


Tbi {1} 


^ ... 


















f Pifl (0) -1 




P«i(0) 1 




P-(0) 


T^(0) 




T«(0) 




T«(0) 


lft'°' J 




?^(0) J 












r P« (0) 






r P« to) 


Tid(O) 






Trt(0) 






T-(0) 








Lft«> 








" P-(-l) 






rP,a(-l) 






rP.»(-l) 


T« (-1) 






T« (-1) 






T«(-l) 


IT- 











tl 



ta 



t3 











At 





Prawing 7] 



c 







itlBtfwdSe ^SlOO 









— S200 



TftMAEEPga (0) ettffi 






»liiSP„(-l) P^JC 


zfDntaC-Deta 




f 


«l»i[T<)T3««ST^(0] . 
JiP«/Ta(0)fifll 



-S350 



■S450 



— S550 



RSintfwdfte 



P« (0) oPid (1) 
T^(0)*T.i(l) 
Ptt/T.4 (0) ♦P^T^ (1) 
Pis (-1) ♦Pb (0) 
T« (-1) vTa (0) 
P«/T- (-1) <-Pia/T«i (0) 



^SB50 



— S750 



c 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



1/12/2006 



JP,2001-041095,A [DRAWINGS] Page 5 of 5 

[Translation done.] 



http://www4JpdLncipi.gojp/cgi-biii/tran_web_cgi_ejje 1/12/2006 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 




ILURRED OR ILLEGIBLE TEXT OR DRAWING 



